The 4-H Youth Development Program can help address low levels of scientific literacy among K-12 youth in the United States by providing opportunities to learn science in out-of-school settings.
To help ensure quality program delivery, effective professional development for adult volunteers who serve as 4-H science educators is essential. Lesson study, a constructivist-based professional development model, is one potential strategy to help meet this need. A sequential explanatory mixed-methods design was used to investigate the influence of lesson study on 4-H volunteers' science content and pedagogical knowledge. In mixedmethods research, both quantitative and qualitative data are collected and analyzed in an investigation. Survey data revealed improved understanding and use of subject matter knowledge among participants. Focus group interview data elaborated on participants' understanding and use of inquiry processes. Results from this study could benefit 4-H volunteers, other nonformal educators, and researchers.
T here is a documented need to improve the level of scientific literacy among the K-12 population in the United States (e.g., Fleischman et al. 2010 ; National Center for Education Statistics 2011). To achieve this improvement will require not only effective classroom-based instruction, but opportunities for youth to learn science in nonformal settings that occur during out-of-school time (Bell et al. 2009) .
The 4-H Youth Development Program is one nonformal youth education organization that has the potential to help address this area of concern (Kress et al. 2008 ). 4-H has developed into one of the largest youth organizations in the world. Administered through the national Cooperative Extension System, 4-H offers curriculum projects and activities through county-based programs in all 50 states as well as in the District of Columbia. Internationally, 4-H is available to youth through programs in American Samoa, Guam, the Northern Mariana Islands, Micronesia, Puerto Rico, and the United States Virgin Islands, as well as at United States military installations around the world. Approximately half of all 4-H curriculum offerings are science related (USDA 2010) and program delivery emphasizes pedagogical strategies that include hands-on inquiry and experiential learning (Enfield et al. 2007 ), approaches that have been shown to be effective in advancing scientific literacy (Minner et al. 2010) . Furthermore, recent research has demonstrated positive impacts related to youth participation in 4-H programming in terms of their interest and engagement in science (Heck 2009; Heck et al. 2012; Mielke et al. 2010) .
Adult volunteers serve as the nonformal educators in 4-H; they lead curriculum projects and activities with youth (Stedman and Rudd 2006) . Over 400,000 individuals function in this capacity nationally, and approximately 17,000 in California (USDA 2010). To be successful in this role, 4-H volunteers must engage in effective professional development opportunities (Hoover and Connor 2001) . To this end, it has been suggested that episodic workshops that are used most frequently to train 4-H volunteers are inadequate to build their teaching and knowledge capacity in science. Instead, alternative models of professional development that are of longer duration should be explored in order to provide volunteers with sufficient opportunities to develop the knowledge and skills necessary to effectively facilitate science projects and activities (Barker et al. 2009 ).
The lesson study approach
One alternate approach to professional development for 4-H volunteers who lead science projects and activities is lesson study (Smith 2008) , a model that has long been the principal professional development model in Japan (Lewis et al. 2004) . Grounded in constructivist thinking, whereby new experiences draw upon earlier experiences and modify them in some way (Dewey 1933) , lesson study involves groups of educators who work collaboratively to formulate learner outcome goals associated with each specific lesson; plan and implement the lesson with their target audiences; collect and analyze data on the desired results; and use outcomes to improve the lesson as well as subsequent instruction (Lewis 2002) . Taken collectively, these steps set lesson study apart from traditional approaches to professional development for educators (e.g., one-shot workshops or seminars that lack sustained support or followup) in that the work is done "with" or "by" educators rather than being done "on" or "to" them (Loucks-Horsley et al. 2003) .
As a professional development strategy in school-based settings, lesson study has gained increasing recognition and use in the United States in recent years (Lewis and Baker 2010) . In-service and pre-service teachers from different disciplines, including history, language arts, math, science, and social studies, have made effective use of the process (Blum et al. 2005; Marble 2006; Ogden et al. 2008; Rock and Wilson 2005; Sibbald 2009 ). Specific to science, educators engaged in lesson study have been shown to be effective in developing and implementing science lessons (Marble 2006; Mutch-Jones et al. 2012) . Furthermore, lesson study exhibits certain characteristics of effective professional development in science as outlined in the literature (e.g., Guskey and Yoon 2009; Loucks-Horsley et al. 2003; Penuel et al. 2007 ): It occurs within authentic contexts over an extended duration; it fosters communication among
The Youth Development through Veterinary Science series is a 4-H curriculum that introduces youth to many aspects of veterinary science. It includes 11 modules, each with background, subject-specific concepts and vocabulary, an activity with procedures, and an appendix with further reading. 
Subjec t Overv iew and Backg round Inform ation
Animals play important roles in the lives of humans. Animals have been used for centuries for work, such as in helping to plow fields, providing a means of transportat ion and aiding in search and rescue, and as a source of food and other products for humans. Many people have companion animals-d ogs and cats are among the most popular-i n their homes. Because we depend upon animals in so many ways, it is important that we, as their caretakers, understand their biology and their behavior in order to assess their health and well-being.
While a normal part of responsible animal care involves preventativ e veterinary care, including annual exams with vaccination s and blood tests, many common injuries and illnesses can be detected just by noticing a change in the behavior of an animal. Because behavior is a primary means of communic ation, a change in an animal's activity level, eating habits, posture, or gait can often "tell" us something important and be a clue to detect or prevent an illness or injury.
By making careful observation s and developing an ethogram (a description of an animal's behavior), we can learn to recognize the range of behaviors performed by different kinds of animals as well as by different individuals of the same animal type. Through this process, we will come to understand how animals react or respond to different conditions (e.g., changes in weather) or stimuli (e.g., loud noises), and what types of behaviors might indicate that something is wrong with our animals.
Sometimes symptoms of diseases or injuries are not always obvious, and detection depends on how closely we observe our animals and how well we understand their behaviors.
Activity Concepts and Vocabula ry

Animal behavior
• : A branch of biology that studies the behavior of animals.
Ethogram (ee-thuh-g ram)
•
: A description of the types of behaviors performed by the species you are studying. 
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The five senses-sig ht, hearing, taste, smell, and touchhelp animals collect informatio n from their environme nts that aids in their survival. For example, sight helps animals locate food and avoid danger; hearing helps animals communic ate with other animals; smell and taste are used to locate and choose foods; and touch helps animals detect different textures and temperatur es in their environme nt. These senses are part of the sensory system, which receives and processes informatio n from the environme nt.
An important part of a routine medical checkup of any animal includes an examinatio n of the organs associated with the sensory system. Veterinaria ns look for discharges (color; consistency ; texture) from the eyes and nose; check eyes for color, clarity, and the responsiven ess of the pupils; examine ears for odor, discharge, inflammati on, and scabs; inspect animal coats and skin for cuts, abrasions, scratches, and sensitivity to touch; and check an animal's mouth and tongue for odor, cuts, and sores. If the organs of the sensory system are not working properly, the animal will not be able to assess its environme nt accurately.
The eye, an animal's organ of vision, functions by allowing light to enter through an opening called the pupil. Not only does the pupil allow light to enter the eye, it also regulates the amount of light that passes through the opening. Under bright light conditions, the pupil constricts (becomes smaller) and allows less light to enter; under dim light conditions it dilates (becomes larger) and allows more light to enter.
The appearance and symmetry of the pupils can be important in determinin g an animal's general health. Veterinary practitione rs routinely check an animal's pupils for symptoms of underlying eye disease or other health problems such as head or eye injury, nervous system disorders, glaucoma, and diabetes. 
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The cardiovasc ular system includes the heart, lungs, blood, and blood vessels. The heart serves as the "engine" of the system by rhythmical ly contracting to pump blood through vessels to the lungs and the rest of the body. The heart in birds and mammals (reptiles, amphibian s, and fish differ) has four discrete chambers: the right atrium, the right ventricle, the left atrium, and the left ventricle. The right atrium receives blood from the body. The blood then flows into the right ventricle, where it is pumped to the lungs. The blood enters the left atrium when it returns from the lungs. The blood then flows into the left ventricle, where it is pumped to the rest of the body.
The purpose of the blood is to carry oxygen and nutrients to all parts of the body. Oxygen is needed to break down nutrients for energy. The waste product of this process is carbon dioxide, which must be removed from the body through the lungs.
Blood flows through pathways called blood vessels. Vessels going toward the heart are called veins, and vessels going away from the heart are called arteries. Oxygen leaves the blood and goes into the cells through very small blood vessels called capillaries . At the same time, carbon dioxide must leave the cells through the capillaries and enter the blood stream.
Oxygen enters the blood in the lungs. When an animal inhales, the chest expands and the lungs fill up with air. The oxygen-rich air in the lungs enters into the blood through the capillaries. Carbon dioxide also leaves the blood through the capillaries in the lungs. When the animal exhales, carbon-dio xide-rich air is expelled.
The respiration rate is the number of breaths taken in 1 minute. It can be determined by watching the rise and fall of an animal's chest or by moistening one's finger and holding it in front of the animal's nose to feel the exhaled air from each breath. The heart rate is the number of heartbeats per minute. One can count heartbeats by listening to the heart with a stethoscop e. Another way is to find the pulse, the rhythmic throbbing of the arteries caused by the heartbeat. In humans, one can feel the pulse on the palm side of the wrist or on either side of the neck. 
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Movement is essential to animals, and almost all of an animal's daily activities are dependant on the movement of muscles and bones. Animals need muscles and bones to find and eat food, to move from one place to another, and to interact with each other and the environmen t.
Animals' bodies are configured for a wide range of movements , from simple to complex. To accomplish these actions, muscles move bones by contracting , or shortening. When muscles move, they pull bones in specific directions, and it is this simple concept that allows the limbs and bodies of animals to move in precise ways. Without muscles, bones would not be able to move, and without bones, muscles would have little shape and have nothing to pull.
Where muscles are located on an animal's body and where movement occurs is not necessarily obvious. In humans, for example, the muscles that allow us to move our lower arm upward, bending at the elbow, are located in the upper arm, and the muscles that provide for the movement of the upper arm are located in the shoulder. A flexor muscle is a muscle of the skeleton that decreases the angle of a limb (e.g., bending the knee or the elbow). This action is called flexion. An extensor muscle has the opposite effect on a limb. Extensor muscles extend a limb (e.g., straightenin g a leg or arm), thus increasing the angle. This movement is called extension.
Other animals' muscles are configured in ways that are similar to humans, but unlike humans, most other animals have different means of locomotion . For example, strong breast muscles and hollow, lightweight bones allow most birds to fly. Horses, dogs, cats, and many other animals are quadruped al, meaning they move on four legs (humans are bipedal, moving on two legs), and their muscles and bones must be configured accordingly. Furthermor e, snakes and fish have no legs or wings but are able to wriggle their bodies in a serpentine fashion to provide locomotion in their environmen ts.
Observing an animal for changes in its normal patterns of movement is important and may provide veterinarian s with critical information relative to the animal's health. Abnormal movements (e.g., limping), or lack of movement (e.g., inability to move a limb), may be a symptom or an injury or disease. Whenever a caretaker notices these or other changes associated with an animal's muscles or bones, it is important to consider consulting a veterinarian .
All animals, including humans, are affected by their environme nt and require some type of outer protective layer. This outer covering, regardless of whether it is skin, fur, scales, or feathers, serves as a means of physical protection against injury, germs that may cause a disease, and changes in temperatur e from morning to night or from one season to the next. In some cases, the outer covering of an animal has specific markings or colors that may attract a mate, defend its territory against others, or serve as a type of camouflag e to help it hide from other animals.
More specialized functions of skins or coats are seen in some animals. Frogs, for example, must live near lakes, streams, or ponds in order to keep their skin moist. The function of a frog's skin is to regulate the transfer of moisture and fluids, and frogs are also able to take in some oxygen across the moist skin in a process called cutaneous gas exchange (frogs also have lungs with which to breathe).
The scales of fish and reptiles serve as a type of "armored coat" that is very strong. The scales overlap and protect the skin that lies underneath . Fish scales serve mainly as a protection against physical harm; in snakes, the scales also help prevent water loss. When fish grow, they add new material to existing scales; "age rings" can be counted on individual scales to determine how old a fish is. When snakes grow, they develop a new layer of scales beneath their old one, which they then shed. This process is called molting.
Birds and mammals are warm-bloo ded animals and use their coats (feather for birds and fur for mammals) to insulate their bodies. Fur and feathers also help keep the animals dry, and in birds, the light weight and special shape of the feathers helps them fly. Many birds and mammals live all year in environme nts that are cold and snowy in the winter but warm and colorful in the summer. As a form of protection, these animals have one type of coat for the winter (generally thick and white) and another type of coat for the summer (thinner and more varied in color). Both types of coats help camouflage the animals, and the process of shedding part or all of the fur and feathers and replacing them with a new coat is called molting, just like in reptiles.
Many health problems can be detected by observing changes in an animal's skin or coat. Parasites (small participants; it involves active learning where participants challenge their existing ideas about teaching and learning; and it develops new knowledge and skills among educators, informed by data collected through implementation of lessons (see page 47).
Pilot study in 4-H
This small-scale pilot study used a sequential explanatory mixed-methods design (Creswell and Plano Clark 2007) to investigate the use of lesson study on 4-H volunteers' understanding and use of inquiry strategies and subject matter knowledge related to the Youth Development through Veterinary Science curriculum (Smith et al. 2009 ). The investigation occurred within the context of 4-H club-based settings in rural California. In mixed-methods research, both quantitative and qualitative data are collected, analyzed, and mixed within an investigation (Creswell and Plano Clark 2007) . The first phase of this inquiry was quantitative, using survey data to measure the influence of lesson study on the pedagogical and subject matter knowledge of the participating 4-H volunteers. The second phase of the investigation was qualitative, drawing upon focus group interview data from study participants to expand upon the survey outcomes.
Participants. Study participants included 16 4-H adult volunteers from three county 4-H programs in California: Lake, Marin, and Siskiyou. Fifteen of the participants (94%) were female and one (6%) was male. Fourteen of the participants (88%) resided in rural areas and two (12%) lived in small towns. All participants had a minimum of 1 year of experience leading 4-H animal or veterinary science projects with 4-H youth members. Specifically, nine participants (56%) had between 1 and 5 years of experience as 4-H volunteers, three (19%) had 6 to 10 years of experience, three (19%) had 11 to 15 years of experience, and one (6%) had more than 16 years of experience serving in this capacity.
The 4-H volunteers were subdivided into three lesson study groups based on county of residence. The lesson study groups in Lake and Marin counties had five members each; the lesson study group in Siskiyou County had six members.
Process and project materials. Simply organizing lesson study groups is not enough to make them effective: Participating educators also require "models, tools, and structures from which to work" (Wiburg and Brown 2007 ). Thus, 4-H volunteers who participated in this inquiry were provided an overview of the lesson study process and received necessary support and materials. Instruction on the lesson study process included one face-to-face workshop as well as follow-up conference calls with each lesson study group. Materials supplied to participating 4-H volunteers included resources that outlined the procedures of the lesson study process (Lewis 2002 ) and additional information on inquiry-based teaching. Each participant also received a copy of the Youth Development through Veterinary Science curriculum (Smith et al. 2009 ), which consists of 11 inquiry-based activity modules.
Project implementation. The lesson study groups in this investigation met on a regular basis over a period of several months. The lesson study group in Lake County met seven times at 3-week intervals (four meetings were in person, three others were held via teleconference), the lesson study group in Marin County held five face-to-face meetings at 3-week intervals, and the lesson study group in Siskiyou County met seven times in person at 3-week intervals. During this period the 4-H volunteers also held regular meetings with their 4-H youth groups to implement the veterinary science activities. Meetings with 4-H youth in all counties were held, on average, every 3 to Animal and veterinary science projects have large enrollments in California 4-H. Professional development opportunities for 4-H volunteers that improve their teaching skills and subject matter knowledge help enhance youth experiences in these projects. 4 weeks; one or two curriculum activities were implemented during each meeting.
Agendas for lesson study group meetings were set by the participating 4-H volunteers in each county. The goals for these meetings were to review and discuss curriculum activities, plan lessons, and reflect on data collected during previous curriculum implementations (e.g., observations and authentic work from 4-H youth). Curriculum revisions and adjustments to instructional strategies were based on volunteers' interpretation of their data and applied, as appropriate, to the planning and implementation of subsequent activities.
Data sources
Surveys. Two retrospective surveys were administered at the completion of the lesson study intervention: the Use of Inquiry Practices Survey and the Veterinary Science Content Knowledge Survey. These instruments were adapted from self-report questionnaires used in previous studies (Gejda and LaRocco 2006; Smith and Meehan 2007) . The Use of Inquiry Practices Survey included 20 Likert-type questions that aligned with indicators of respondents' understanding and use of inquiry-based instruction. Three categorical questions that requested demographic information were also included. The Veterinary Science Content Knowledge Survey included 11 Likerttype questions that measured veterinary science content knowledge as it pertained to the Youth Development through Veterinary Science curriculum (Smith et al. 2009 ) and three categorical questions that were demographic in nature.
A retrospective design was chosen for both surveys because it can mitigate the risk of response-shift bias, a threat to internal validity that can occur when using a pre-/post-survey design. Specifically, response-shift bias can occur when participants have limited knowledge or skills to respond accurately to questions asked on a pre-survey and overestimate their abilities in advance of participation in a program (Pratt et al. 2000) . In such instances, pre-test/post-test comparisons can be misleading because participants' frame of reference has changed subsequent to program intervention (Pratt et al. 2000) .
The correlation of related survey items on both instruments was tested using item analysis. The resulting Cronbach alpha scores were 0.7495 and 0.7358 for the Use of Inquiry Practices Survey and the Veterinary Science Content Knowledge Survey, respectively, verifying the internal consistency of the survey items in relation to their constructs.
Focus group interviews. The second phase of this investigation was qualitative, drawing upon focus group interview data from study participants to assist in the interpretation and explanation of survey outcomes. Focus group interviews are appropriate for explanatory studies and are frequently used to supplement quantitative data (Hatch 2002) .
Two focus group interviews were conducted separately with each lesson study group at the conclusion of the investigation. The first interview addressed the lesson study process as it pertained to participants' understanding and use of inquiry-based methods; the second concentrated on perceived changes in participants' veterinary science content knowledge. All interviews were recorded and transcribed.
Data analysis
Phase 1: Quantitative data analysis. Survey data were analyzed using a repeated measures general linear model (GLM) (Hill and Lewicki 2007) and MiniTab software. The factors in the model for this analysis were time and county of residence. Data analysis examined the interactions of these factors on the dependent variable, which was the overall score for each survey. A significance level of P ≤ 0.05 was established for all analyses.
Use of a repeated measures GLM requires that the sample distribution be normal and that it exhibit homogeneity of variance (i.e., the variance within populations must be the same, which is important for meaningful interpretation of data). A Goodness of Fit test (Gravetter and Wallnau 2008) was used to determine if data were normally distributed. In situations where the data were not distributed normally, a Box-Cox Transformation (Hill and Lewicki 2007) was applied. Homogeneity of variance for the data sets was determined using the Bartlett's Test, a measure used to determine whether multiple samples are from populations with equal variances (Snedecor and Cochran 1983) .
Phase 2: Qualitative data analysis. The long-table approach (Krueger and Casey 2000) was used to categorize results germane to the investigation through the development and execution of an initial coding scheme (table 1) . Data were then analyzed inductively using the constant comparison method (Hatch 2002) , whereby themes emerged from the coded data, as opposed to assigning a priori categories (Patton 1990 ). Where relevant, some codes were combined based on generalizations during data analysis (Hatch 2002) . The interpretation of focus group interview data placed an emphasis on how frequently codes occurred (Sandelowski et al. 2009 ). LSM = 3.32, SEM = 0.74. The Least Squares Means and Standard Error for pre-survey scores were n = 16, LSM = 2.92, SEM = 0.74. The difference between post-survey and pre-survey scores was significant: GLM F(1,31) = 13.71; P < 0.01. There was no interaction of county of residence on the dependent variable: GLM F(2,31) = 2.50; P = 0.10. Scores on the Veterinary Science Content Knowledge Survey also improved significantly. Analysis of the data revealed a significant effect of time. The resulting Least Squares Means and Standard Error for post-survey scores were n = 16, LSM = 3.65, SEM = 0.13. The Least Squares Means and Standard Error for pre-survey scores were n = 16, LSM = 3.09, SEM = 0.13. The difference between post-survey and pre-survey scores was significant: GLM F(1,31) = 9.87; P < 0.01. There was no interaction of county of residence on the dependent variable: GLM F(2,31) = 2.27; P = 0.12.
Results
Quantitative findings. Scores on the
Qualitative findings. Emergent themes from the analysis of focus group interviews were based on highest frequency of occurrence of qualitative codes. These themes included understanding and use of inquiry, duration of professional development experience, reflective practice, data-driven decision making, and collective benefits to 4-H volunteers.
Theme: Understanding and use of inquiry. Several lesson study group members for whom inquiry-based teaching was a new strategy revealed that the lesson study experience helped them understand the process and apply it to their practice. For study participants who indicated they had some prior knowledge of inquiry, lesson study served to reinforce their understanding and increased their confidence to use it. Focus group interview responses included I would say that it really helped me because I'm kind of a "tell-youhow-to-do-it person," . . . so I think it helped me tremendously to find out what inquiry-based learning was and to help me be way open to it now.
I felt that participating in the lesson study group kind of crystallized and fine-tuned a teaching technique I knew was available, but I myself didn't feel like I had the confidence to commit to it because I didn't understand it as well as I could have.
A number of focus group responses were congruent with Use of Inquiry Practices Survey questions and exhibited study participants' knowledge and application of specific strategies associated with inquiry, such as open-ended questioning. For example, interview responses from 4-H volunteers provided numerous references to the benefits they saw in using open-ended questions during curriculum implementations. In particular, study participants noted that they observed how open-ended questions engaged their youth audiences in the learning process and promoted independent thinking. Representative focus group interview responses included
The open-ended questioning . . . allowed the [youth] to discover answers and discover questions.
The open-ended questions were good because they made [our 4-H members] think.
Another key element of inquiry included on the Use of Inquiry Practices Survey was learner-centered instruction. Participating 4-H volunteers commented several times during focus groups about how they used facilitation strategies that focused more on youth exploration than on providing direct instruction. Among the participants' responses were I try to incorporate hands-on [activities] for the kids to explore and ask questions and have them formulate the answers and have me guide them.
[Using inquiry has] completely flipped the way we'll run our meetings. [ The application of knowledge was also addressed through the Use of Inquiry Practices Survey and emerged as a theme from the focus group interviews. Interview data revealed how, through the lesson study process, several of the 4-H volunteers had incorporated knowledge application into curriculum activities they were leading with 4-H youth, while others had made concrete plans for their youth participants to apply their learning in real-life settings. Interview responses included Our goal for the [4-H] Theme: Duration. When discussing the organization and functioning of their lesson study groups, 4-H volunteers commented numerous times on the benefits of having a professional development opportunity that included multiple meetings over an extended period. Participants indicated that meeting regularly was a challenge, but worth the effort. Specifically, volunteers expressed that these meetings helped them improve their time management and meet their goals, and also provided them time to review and discuss curriculum materials, reflect on their prior work with youth and make instructional modifications they thought necessary. Specific comments related to the duration included Regular group meetings helped a lot. Absolutely! Sometimes the logistics of [meeting] are difficult. It is a big time commitment, but I think in the long run it's definitely worth the time put into it.
We [volunteers] talk about the lack of time for planning when using a new curriculum. Lesson study helped. Meeting every 3 weeks or so helped with preparation and lesson planning.
Theme: Reflective practice. Having opportunities to reflect on their practice through interactions with other 4-H volunteers during lesson study group meetings was another theme that emerged from focus group data. Systematic reflection helped participants target strategies to improve the learning of their youth audiences by discussing data they had collected and making modifications to their practice and curriculum activities prior to subsequent implementations.
Additionally, some volunteers commented that through reflection they had begun to contemplate changes to their teaching practices and organizational strategies with respect to other 4-H projects they lead. Relevant quotes included As far as how the lessons were presented, if we thought that the kids had not picked up on the curriculum the way we presented it we would bounce ideas off on how we could make it better for those of us who maybe had not gotten to the level that other group members had.
I think that we all had things to bring back and improve upon every time that we met because we were talking about our process, working with different ages and stages vs. just the curriculum.
Theme: Data-driven decisions. Datadriven decision making also emerged as a theme from focus group interviews. Participating 4-H volunteers collected a variety of types of data (e.g., observations, authentic youth work) and used those data to inform their practice. The lesson study groups in Lake and Siskiyou counties used the data to inform modifications with respect to adapting or modifying individual curriculum activities or how they were taught; the lesson study group members in Marin County shared information on curriculum implementations that helped lead them to combine youth members from three smaller 4-H clubs into one larger group for curriculum implementations, a change in practice that they found to be effective. skills, feeling empowered (as opposed to isolated) through collective work, and working toward common goals that benefit not just the youth members but also their county programs. Examples of focus group responses included I thought it was great that we could all come together and actually work toward a common goal instead of being so segregated all of the time.
I think our goal to function as a team worked for the betterment not only of the lessons that we were teaching and for each other, but also for the county.
Analysis of the qualitative data from this study afforded a more comprehensive understanding of participating 4-H volunteers' lesson study experience. In particular, focus group interview data corroborated the outcomes from the Use of Inquiry Practices Survey with respect to participants' understanding and application of key inquiry processes. In contrast, data from focus groups did not provide strong support for quantitative outcomes from the Veterinary Science Content Knowledge Survey that revealed statistically significant changes in study participants' content knowledge. Although a few individuals commented on specific science content they had learned, the majority of study participants believed their educational and practical backgrounds in animal and veterinary science were already sound, and that the lesson study group process was most beneficial in influencing their pedagogical skills.
Interpreting the results
Constructivist-based professional development models like lesson study help advance educators' knowledge and skills by engaging them in the process of inquiring into their own practice (LoucksHorsley et al. 2003) . The 4-H volunteers who participated in this investigation formed lesson study groups and took an inquiry stance with regard to their practices, investigating strategies that targeted improved learning among their 4-H youth audiences, and did so in a collaborative manner. Through active reflection, a strategy whereby educators challenge their thinking and gain new insights into teaching and learning (York-Barr et al. 2005) , participating volunteers systematically developed learner outcome goals, discussed data they collected during a sequence of curriculum implementations, and made modifications to the curriculum activities and their teaching that were informed by data they had collected during curriculum implementations.
Although no prior research had been done on lesson study in nonformal education settings, outcomes from this study were consistent with research in schoolbased settings where in-service and pre-service teachers who participated in lesson study groups improved their teaching skills and subject matter knowledge (Lewis et al. 2004; Marble 2006; Perry and Lewis 2003; Rock and Wilson 2005) . Specifically, both quantitative and qualitative data from this investigation revealed improvements in participating 4-H volunteers' knowledge and use of inquirybased teaching strategies, methods that are important to the advancement of scientific literacy (Minner et al. 2010) .
Gains in science content knowledge among 4-H volunteers were shown through the analysis of survey data; however, these findings were not well supported by focus group interview data. A possible explanation for this discrepancy is that the Veterinary Science Content Knowledge Survey questions targeted subject matter that was specific to the Youth Development through Veterinary Science curriculum (Smith et al. 2009 ) as opposed to broader animal and veterinary science content knowledge conveyed by study participants during focus group interviews. Participating volunteers had considerable prior knowledge and experience related to animal and veterinary science and may have been considering this when responding to more general focus group questions. Thus, specific changes in their content knowledge related to the curriculum may have been underreported during the qualitative phase of this study.
Implications and recommendations
There is a need to explore alternative models of professional development for 4-H volunteers who facilitate science projects and activities with youth (Barker et al. 2009 ). Results from this study provided some evidence that lesson study has potential as an alternate strategy. However, Guskey and Yoon (2009) studies" to evaluate their effectiveness within specific contexts. For this reason, it is recommended that efforts be made to investigate lesson study in 4-H through long-term, coordinated efforts that are systematic in nature. The research design used in this pilot study would be recommended as a strategy to consider.
Results from this investigation provided early evidence for the promising nature of lesson study as a professional development model for 4-H volunteers who lead science projects and programs with youth audiences. Specifically, data showed improvements with respect to volunteers' understanding and use of effective pedagogy and some gains relative to science content knowledge. However, it must be noted that the broad application of these results is limited by the size and scope of the investigation. Only 16 volunteers from rural, club-based 4-H programs participated in this study. It is recommended that additional research be carried out on the use of lesson study with other 4-H volunteers involved in club-based programs. Additionally, because lesson study experiences are unique to the particular context within which they are situated (Wiburg and Brown 2007) , results from this investigation may not translate directly to lesson study use in other settings. For this reason, the use of lesson study with volunteers involved in other 4-H program-delivery modes (e.g., after-school programming, camp settings) also warrants investigation. Science subject matter beyond the scope of veterinary science should also be explored.
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